Background-Coronary heart disease (CHD) mortality rates have fallen dramatically over the
Introduction
Despite a remarkable decline in cardiovascular deaths over several decades, coronary heart disease (CHD) remains the number one cause of death in the U.S. CHD mortality rates have fallen as much as 52% in men and 49% in women between 1980 and 2002. 1 However, these beneficial CHD mortality trends may not have been experienced by all demographic groups. In a previous analysis of U.S. mortality, there was a dramatic slowing in the average annual rate of decline of CHD mortality among younger adults (35- . 5 Similarly, in Australia an increase in the incidence of acute coronary syndromes (+2.3%
per year) and AMI (+4.0% per year) was observed in women 35-54 years between 1996 and 2007. 4 The purpose of our study was therefore to examine US CHD mortality rates by age and sex from 1979 to 2011, and particularly to examine recent trends among young men and women.
Methods
We obtained mortality data for all individuals 25 years of age or older in the U.S. between 1979 and 2011 from the CDC WONDER online Compressed Mortality File of U.S. National Vital Statistics data. 6 This database includes mortality data and population counts for all U.S. counties mirrored by statistics outside the US. [2] [3] [4] [5] In the United Kingdom, the CHD mortalit it ity y y de de decl cl clin in ine e e in in in men and women aged [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] Likewise n n n C C Canada, you u ung ng nge er i i in nd ndiv iv ivid id idua ua uals ls ls a age ge ged d d 55 5 5 yea a ars r r or y yo oung g ger er er d d dem em emon on onst t tra ra rate te ted d d a a +1. . .7% 7% 7% a a ann nn nnua ua al l l in n ncr cr crea ea eas s se n n n i i inc nc ncident ra ra rat t tes of f f acu u ute e e myo yo yoca ca cardia ia ial l l in n nfa a arcti ti tion n n (AM AM MI) h h hos o o p p pita a a m m li li iza za ati i ion on n p p per r yea ea ear r r from m m 2 2 200 00 to 20 20 2009 09 09. 5 5 S S Sim im imil il ilar ar arly l ly, in in in A A Aus s ust t tra ra rali li lia a a an an an i i inc nc ncre re reas as ase e e in in in t t the he he i i inc nc ncid id iden en ence ce ce of of of a a acu c cute te te c c cor or oron on onar ar ary sy s synd nd ndro ro rome me mes s s (+ (+ (+2 2 2.3% 3% 3% for 1979 to 1998 and ICD-10 codes I20-I25 for 1999-2011. There is greater than 98% similarity between the two coding systems for heart disease deaths classification, 7 resulting in only a small (1.5%) net decrease in the allocation of heart disease as the underlying cause of death under the ICD-10 coding system, due to differences in coding for cardiac arrest. 7 Population counts were based on U.S. census data for the years 1980, 1990, 2000, and 2010; intercensal estimates were used for the other years. CHD mortality was evaluated in three age groups, <55, 55-64, and 65+
years. Age-adjustment was performed using the direct method to the estimated U.S. population of the year 2000. For the period 1979-1998, CDC WONDER data are only available for whites, blacks, and others. Thus, in addition to age and gender, we stratified the analysis by the two main racial groups of blacks and whites.
First, we examined mortality rates based on pre-determined approximate decades (1979-1989, 1990-1999, and 2000-2011) to provide an initial descriptive assessment of mortality trends. Next, we performed Joinpoint regression modeling using Joinpoint version 3.0 software (National Cancer Institute, Bethesda, Maryland) to evaluate trends in the estimated annual percentage change (EAPC) in CHD mortality rates throughout the study period. 8 Joinpoint uses a Monte Carlo permutation test to detect years when significant changes in the trend of the rates occur; this method has been widely used to analyze trends in incidence and mortality rates.
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Results
In the entire period from 1979 to 2011, the overall age-adjusted CHD mortality rate for adults aged 25 years declined in a similar fashion in men and women, from 703 to 225 deaths per 100,000 in men (68% decline), and from 395 to 125 deaths per 100,000 in women (68% reduction). However, these age-adjusted mortality rates obscured important differences by age and sex (Figure 1 , Table 1 , Supplemental Figure 1) . The EAPC over this entire time period was lower in people <55 years than older groups, and was lower in young and middle-aged women (<65 years) than men in the same age group; women <55 years of age showed the lowest decline, with EAPC of -1.9% (Table 1) .
After dividing the time period in three approximate decades, 1979-1989, 1990-1999, and 2000-2011, men and women <55 years of age showed a substantial decline in CHD mortality until 1990 (EAPC -5.5% in men and -4.6% in women), but there was stagnation and then minimal improvement in the two subsequent decades ( Table 2) Women aged 55-64 years also experienced a sustained slower rate of decline from 1992 up to 2011, in comparison to the period before 1992 (EAPC -2.0% vs -3.9% respectively) ( Table   3 ). This was a significantly lower decline as compared to men of similar age. Finally, the Joinpoint analysis confirmed that steep declines in CHD mortality have been achieved in older women and men (age 65 years) since 2002, with an average annual percentage decline of 5.0% in men and 5.8% in women, approximately doubled compared to the previous period ( Table 3) .
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Lower awareness and recognition of CHD in women has long been reported, although recent data show some improvement. 22 Socioeconomic status and ethnicity may also be important drivers, as young black Americans have higher AMI hospitalization rates, case fatality rates and CHD mortality than white Americans. 12, [23] [24] [25] Multiple studies have likewise demonstrated persistent CHD mortality inequalities for economically deprived groups in Western nations. [26] [27] [28] However, it is encouraging from our race-stratified results that black Americans appear to be experiencing recent moderate improvements in younger individuals and considerable improvements in older individuals, suggesting that disparities in CHD mortality particular, have shown especially pronounced case fatality declines. 12, 16 Pre-hospi pi ita ta tal l l ca ca card rd rdia ia iac c c mortality is also declining in both men and women, 17 but there is evidence that women have had mal al lle le ler r r im im impr pr prov o o em m men e e ts [18] [19] [20] and some studies even en n s s su u uggested that sudden n n c c cardiac death rates have n n ncr r reased partic c cu u ula arly ly y in n n yo yo youn un unge ge ger r wo wo wom m men n. 21 between races may be declining.
A possible reason for the slow decline in CHD mortality among young people in recent decades is that CHD prevention guidelines may disproportionately underestimate risk in the young population, undermining prevention efforts. 11, 29 This problem may partly reflect the fact that the young population often possesses less traditional CHD risk factor patterns as compared to their older counterparts. 11, 30 Furthermore, the epidemic increases in obesity and overweight over the past 3-4 decades in individuals >20 years of age 31 is alarming, and diabetes is showing a parallel escalation. 9 These risk factor trends are especially relevant here given that individuals <44 years of age and women are experiencing the greatest increase in incidence of diabetes since the 1980s, 9 and young women show the largest increase in the prevalence of obesity and abdominal obesity in the same period. 32 Recent data also indicate that the risk of AMI associated with metabolic syndrome or incident diabetes is higher in younger women than any of the other groups, increasing their odds of AMI almost five-fold. 33 Likewise, diabetes is a powerful risk factor for CHD in young women. Kalyani et. al. analyzed data from multiple cohorts and found that young and middle-aged women with diabetes experience four to fivefold elevated risk of incident CHD as compared to their non-diabetic counterparts, which was a much higher risk than in men of similar age. 34 Furthermore, non-traditional social and psychological risk factors, may play a disproportionate role, but are not routinely evaluated or managed. 35 For example, psychosocial factors such as depression and perceived stress 36 are more common in younger adults and especially in younger women, 37, 38 and increase the risk of CHD hospitalizations and mortality and delayed recovery after a cardiac event. 36, 39 As further demonstration of the importance of the psychosocial milieu for cardiovascular health among young women, mental stress-induced he 1980s, 9 and young women show the largest increase in the prevalence of obes s sit it ity y y an an and d d
abdominal obesity in the same period. 32 Recent data also indicate that the risk of AMI asso oci ci ciat at ated ed ed w w wit i i h me me metabolic syndrome or incident di di diab ab a etes is higher in yo o oun un unger women than any of h h he other groups ps ps, , , in ncr cr crea ea easi si sing ng ng t t the he hei i ir r od od odds ds ds o of AM AM AMI I almo mo ost f f fiv iv ive---fo fo fold d d. myocardial ischemia, a phenomenon known to increase the risk of subsequent events and mortality in CHD patients, is more common in young women than in age-matched men. 40 Our analysis reveals that the largest improvements in CHD mortality over the past decade have been experienced by adults 65+ years of age, with the yearly decline nearly doubling after
2002. This may primarily reflect primary prevention policies and interventions reducing CHD incidence in older adults. However, guideline-based secondary preventive medical care for CHD remains frustratingly low among elderly patients. 41 Secondly, statin use and intensity have modestly improved in older adults. 42 Nevertheless, elderly patients continue to have poorer statin adherence, poorer hypertensive control and a slower decline in smoking than younger patients. [43] [44] [45] Alternatively, the marked decline in CHD mortality among older adults may partly represent a cohort effect. For example, improved risk factor control or other preventive measures in middle age may have resulted in declining CHD mortality at older age. Most importantly, premature CHD mortality among young people may result in reduced CHD mortality at older ages as individuals at risk have already died in preceding years.
One strength of our study is the extensive time period examined, covering over 30 years, which allows a detailed historical comparison of mortality rates. Additionally, Joinpoint regression analysis supplies a non-biased estimation of significant changes of CHD mortality trends over time. One significant limitation is possible misclassification of CHD mortality due to miscoding of death certificate codes; [46] [47] [48] indeed, a proclivity for overestimation of CHD mortality by as much as 20% has been reported. 49 However, there are few high quality studies on whether misclassification varies by sex and age, or whether it has changed over time. An analysis of out-of-hospital deaths occurring in 1979 in Minneapolis-St Paul, Minnesota residents showed overall high validity of death certificates compared with physician review, with no patients. [43] [44] [45] Alternatively, the marked decline in CHD mortality among older adu du dult lt lts s s ma ma may y y pa pa part rt rtly epresent a cohort effect. For example, improved risk factor control or other preventive measures n m m mid id iddl dl dle e e ag ag age e e ma a ay y y have resulted in declining CHD HD HD m mortality at older ag g ge e e. Most importantly, On On One e e st st stre re reng ng ngth th th o o of f f ou o our r r st st stud d udy is is is t t the he he e e ext t xten en ensi si sive e ve t t ti i ime me me p p per er erio io iod d d ex e exam am amin in ined ed ed, co co cove e veri ri ring ng ng o o ove e ver r r 30 30 30 yea ea ears rs rs, differences by age. Sensitivity, however, was lower among women (76%) than men (94%), suggesting that more "true" CHD deaths in women may be misclassified as non-CHD deaths. 50 Others have reported that the accuracy of cause of death classification is lowest in older populations, especially older women. 47 Taken together, these data suggest that miscoding of death certificates should not have caused an overestimation of CHD events among young individuals, especially young women, relative to older individuals.
In conclusion, US cardiovascular mortality has fallen steeply since 1979, but this overall decline has not been shared equally by all demographic groups. CHD death rates are falling rapidly in older groups, but not in younger adults, particularly young women. Although the reasons underlying these different trends urgently require further study, deteriorations in CHD treatment appear improbable. Attention thus points towards unfavorable trends in cardiovascular risk factors reflecting inadequate primary prevention strategies. e e e 3. E E Estimated ann nnua ua ual l l e perc cen en enta ta t ge ge ge cha h h ng ng nge e e (E (E (EAP AP APC) C) C) i i in age e-e-sp s s ec ec e ific CHD H H m m mor or orta ta tali li lity ty ty ra a ate te tes am am amon on ong g g US US U adu u ult lt lts s s ag ag age e e 25 5 ye ye ye r r ars, s, s, 1 1 197 97 979-9 9 2 P Perio i i d 1 Peri iod od od 2 2 2 P P P r r 
